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THE DESIGN, DEVELOPMENT AND EVALUATION OF IMPROVED

STC EQUIPMENT FOR APPLICATION TO ATC RADARS
ABSTRACT

The need for improved Sensitivity Time Control circuits in Air
Traffic Control radar equipment becomes more imperative as Emergency
Mission System search and precision radars become more sensitive and
all -weather tracking and controlling to within a mile of the radar
site becomes standard procedure.

This report traces the development of a sophisticated logarithmic
STC circuit from previously derived concepts through incorporation in,
and evaluation of, the latest EMS search radar.

The development of Digital Video Data processing equipment led to
design and experimental work on a digital STC concept. The preliminary
investigation of this concept indicates that a significant advance in
this direction is possible in clutter attenuating devices.

Reference is also made to the current EMS system including test
results plus recommendations for improvements in anti-clutter devices

for present and future search and precision radars.

Technical documentary report ESD-TDR-64-518 has been reviewed
and is approved.
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SECTION 1

INTRODUCTION

The following material is presented as background to facilitate a better
understanding of the problem areas under consideration.

As the speed of present day aircraft increases, it becomes necessary to
provide Air Traffic Control centers with better radar coverage. This is
accomplished by increasing the sensitivity of the radar set, thereby extend-
ing its range and altitude capabilities. While this provides the added
coverage desired, the radar also becomes more sensitive to ground clutter,
moving ground vehicles, and small targets such as birds in flight. The
problem varies with terrain surrounding the site but is greatest in the
vicinity of large cities. For this reason, the optimum setting for clutter
versus target sensitivity usually varies with azimuth as well as range at
a given location.

The close-range clutter problem has been given considerable study in
the past, and the problem has been approached in several ways. Four of
these approaches are discussed briefly below.

1. Tilt the antenna back to obtain the optimum compromise between low
angle detection and ground clutter. While it might be possible to
achieve a satisfactory angle between antenna beam and ground for
one direction, it would most certainly not be the optimum setting
in all directions, since ground clutter varies with azimuth. This
approach would necessarily cause a greater loss of targets under
the main beam and thereby make it even more difficult to detect low-

flying aircraft.
Le
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The most successful method thus far employed to eliminate ground
clutter is the use of moving target indication equipment. However,
there is a limit to the amount of stationary target rejection
possible with MTI. With very sensitive radars, the magnitude of
stationary target returns in a metropolitan area is often so high
that significant residue remains even after cancellation. Further-
more, birds and moving surface traffic within the radar beam can
have sufficient velocity to prevent them from being cancelled.
Various types of video processing equipment have been used to

improve target detection. Systems which process video from the
radar receiver are only as good as the information they receive.
Systems that use the principle of detecting the difference in
amplitude between clutter residue and targets, or that determine

the existence of a target by counting the number of repeated signals
in a given range increment over several consecutive sweeps, have the
tendency to eliminate real targets due to saturation in the receiver.
The use of Sensitivity Time Control circuitry in conjunction with
MTI equipment has been given some consideration. The earlier that
the incoming radar information is processed to improve the signal-
to-noise ratio, the less one must contend with limits imposed on the
video by the receiving system. Since, in general, the close-in
target returns of interest reach the receiver at a much higher
magnitude than would be necessary for clear display in the absence of
ground clutter, reduced receiver gain during that period of time could
greatly reduce MTI residue while still permitting low antenna angle

2.
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and adequate target reflection. Therefore, it was felt that
some form of STC could be of considerable aid in improving the
signal-to-noise ratio in the MTI receiver; thus making it easier
to distinguish targets from noise and clutter.

STC is a device to dynamically adjust the receiver gain during each
radar range sweep so as to attenuate signals at close ranges. In most
instances, there is a proper attenuating value which will greatly reduce
or eliminate the MTI clutter residue, but will not entirely wipe out an
aircraft signal. This attenuating value is a function of the range and
azimuth location of the aircraft and the amount of clutter residue present.
Two approaches utilizing STC principles are examined in subsequent sections
of this report. Section 2 is devoted to a logarithmic STC unit and

Section 3 covers a Digital Video Data Processor.
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SECTION 2

LOGARITHMIC STC DEVELOPMENT &&EVALUATION

Al

GENERAL

When STC was first incorporated in radars, a single RC recovery
characteristic, initiated by the system trigger (Figure 1A, Page 5),
was used as an approximation of the theoretical control function
(Figure 1B). An early modification was to clip the initial portion
of the function, resulting in a flat section prior to the start of
the recovery slope (Figure 1C). The particular RC time constant to
be used, its magnitude, and the duration of the initial flat portion,
were determined experimentally resulting in a crude approximation
of the optimum curve. Another disadvantage of early STC circuits
is the interaction of the various controls required to establish the
shape of the curve. This interaction made rapid adjustment
impossible. Due to these factors, targets were lost through excessive
attenuation in some areas, while in other areas, excessive uncancelled

clutter remained.

DEVELOPMENT

The ideal control function is one which gives a receiver voltage
gain that varies as the square of the range (see Reference 5 in
Bibliography). This concept, derived by Lincoln Laboratory, was
designed into a STC unit which presented improvements over earlier
circuits (Figure 2, Page 6). This unit more closely matched the

characteristics of the I-F strip which it controlled so as to provide

L,



[A] Raoar TricaceRr

[B] SinaLE RC Tive CONSTANT
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FIGURE 1: DEVELOPMENT OF EARLY STC
FUNCTION
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a 12db per octave gain control over U4 octaves of range. This character-
istic provided an attenuation which is directly proportional to the
signal voltage received at the radar from targets within the main antenna
beam at all ranges over the L4 octaves. This desired function slope was
obtained by the addition of two exponentially decaying pulses of
different time constants. The Gain Control settings were non-interacting
and did not effect the shape of the theoretically optimum curve. The
circuit included an adjustable range-gate to restore the receiver
sensitivity to a predetermined maximum value as each sweep reached a
selected range. This unit was designed for use with a radar having
negatively grid biased tubes in the I-F strip and for general search
radar applications it is excellent.

Our main interest is to improve the video presentation for air
traffic control operation. The above mentioned circuit was designed for
grid control of the first two stages of an I-F strip, and the AN/FPS—8
radar, used here for experimentation , has the control voltage applied
to the cathodes in its I-F amplifier. Therefore, either the I-F strip
had to be modified for grid control, or the waveform out of the STC
unit would have to be inverted to be applied to the cathodes.

Since it was easier to redesign the STC unit then to require future
radar modifications in the field, the former choice was made. Briefly,
this was accomplished by an inversion of all the function generators,
and by a change of the cathode follower output tube from a 5814 to a
5687 to handle the additional current in the cathode circuit of the I-F
amplifier. The slope of the waveform was changed to match the

Te
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characteristic of the AN/FPS-B I-F strip so as to provide the 12 db per
octave gain control characteristic desired. To achieve the desired gain
per range slope, the peak value of the composite exponential function in
the 1 to 4 mile region produced so much receiver attenuation as to
eliminate all targets in that interval. It was felt that this 1 to 4
mile region should be improved, since frequently aircraft within this
range will be flying under the main beam of the radar. Aircraft may

also be flying under the main beam at longer ranges when they are in the
vicinity of reporting points and holding fixes at the minimum altitude,
or are proceeding outbound at minimum altitude until they cross an airway.
To solve this problem, the positive going STC developed for use with the
AN/FPS-8 radar located at Fort Dawes has been improved in the following
manner. In addition to the composite exponential function, the improved
circuit (see Figure 3, Page 9) has two means of achieving optimum setting
of gain in the 1 to 4 mile range. The first of these is a negative going
exponential function to limit the initial peak excursion of the STC
function. The second is an adjustable clipping circuit permitting a
near flat limiting of STC gain reducing voltage to a desired maximum
level during the first several miles of range. This unit was then tested
in conjunction with the AN/FPS-8 radar and the results indicated a

definite improvement in the 1 to 4 mile range interval.

CIRCUIT DESCRIPTION
Again, referring to Figure 3 and the block diagram shown in Figure

4, the main bang radar trigger is fed into blocking oscillator V-l. The

8.
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positive and negative pulses taken from the windings of pulse trans-
former T-1 charge up the capacitors in the various function generators

to the value determined by the zener diodes used. The R-C time constant
of each function generator determines the slope of its waveform. The
trigger out of the blocking oscillator also fires a one-shot multivibrator
V-2, which supplies the range gate to restore the receiver to maximum gain
at some preset range. These functions are summed with the DC level gain
controls to supply the composite STC waveform. The two positive functions
provide the desired gain control characteristic while the negative
function furnishes some compensation for the T-R recovery time period.

The minimum cross section shifts the STC waveform level while the

maximum gain control sets the level beyond the end of the range gate. A
clipping circuit on the output of cathode follower V-4B produces the flat
portion of the waveform during the initial few miles of range. The
cathode follower V-3 permits the output to be shifted above or below
ground level, without distorting the shape of the curve, and can supply

the current demands for cathode biasing the tubes in the I-F strip.

OTHER ANALOG APPROACHES

While the above type of analog STC generator appears to be the most
satisfactory at the moment, other methods of generating STC waveforms
have been looked into. Some thought has been given to having the shape
of the STC curve vary not only as a function of range, but also as a
function of azimuth. The following two circuits have been breadboarded
and tested.

The first circuit, Figures 5 & 6, Pages 12 & 13, has the facility of

11,
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initiating different functions for the composite waveform at different
ranges controlled by an adjustable range gate. Since this unit was
built for experimental purposes, it was designed to furnish either a
positive or negative going signal so that, if desired, it could be used
in conjunction with various radars regardless of whether their I-F
amplifiers are cathode or grid biased. The circuit performed as
designed; however, due to the number of controls required to adjust the
various sections of the curve, it was considered too complicated for
practical use. It is apparent that if the range gate, which determines
the end of one function and the start of another, was varied as a
function of azimuth, there would have to be several ad justments which
would also be dependent on azimuth to give a smooth continuity between
the two portions of the curve.

The second circuit, Figure 7, Page 14, is a wave shaping device
into which a predetermined exponential curve or sawtooth may be
introduced. With this circuit, two break points are established dividing
the input slope into three segments. These break points can be moved in
range and the slopes of the two end segments can be independently adjusted.
Again, varying these controls as a function of azimuth to fit various

terrains, would not be practical.

RESULTS AND EVALUATION
To use this STC function in conjunction with the AN/FPS-S, the

following modifications had to be made to the MTI IF amplifier:

15.
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RANGE IN MICROSECONDS
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L The present source of positive bias was disconnected and a
BNC Jjack installed. This permitted the connection of the
STC output through a 330 ohm resistor to the bias line as
a new source of gain control.

2. A 1.0 microfarad capacitor was connected from ground to the
point of B+ source nearest the two tubes whose bias the
STC controlled. This decreased the modulating effect of the
STC waveform on the 30 mc carrier in the I-F strip.

The best operational results on the AN/FPS-8 at Fort Dawes were
obtained with a minimum cross section setting which positioned the STC
curve so that it measures 2.55 volts at 500 microseconds after the
initiating trigger. As can be seen in Figure 8, Page 16, this is in
close agreement with the theoretical STC curve derived to match the
gain characteristic of the I-F strip which is shown in Figure 9, Page
17. The minimum cross section can be adjusted up or down, but there is
a loss of linear dynamic range, due to the non-linearity of the I-F
gain characteristic at the two extremes. That is, as the STC curve is
shifted down, the shorter ranges are controlled on the steeper slope
of the I-F gain curve, thereby having a greater change in gain for a
given change in STC voltage. Since there are only about four 12db
segments of the gain curve which are reasonably linear, this does not
leave much room for minimum cross section adjustment. At what appeared
to be the optimum setting mentioned above, 4 octaves of approximately
12 db/octave gain control were obtained as noted in Figure 10 on Page
18.

19.
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F. APPLICATIONS

Figure 11, Page 21, is the schematic of a unit to generate a
negative STC function. This unit incorporates all the previously
mentioned improvements. While this unit was never breadboarded, it
shows the necessary changes to supply a grid controlling logarithmic
STC waveform. This developmental work resulted in the incorporation
of the requirements for this type STC unit in the Military Specifications
for the AN/TPS-35 search radar. The AN/TPS-35 is part of the AN/TSQ-47T
Air Traffic Control System. The unit was installed in almost the same
form as described and shown here. Enclosed on Page 23, Figure 13, is
the circuit as it appears in the AN/TPS—35 manual.

Data on the AN/TPS-35 indicates that the results obtained were
very similar to that shown in Figure 10. The data presented on Page
22, Figure 12, is from the system performance tests on the three
AN/TPS-35 radars.

G. CONCLUSIONS

The logarithmic STC circuit shown in Figure 3, is as far as one
can go with a practical analog function. Much thought was given to
ways of having a logarithmic waveform vary as a function of azimuth.
The simplest way to do this would be to divide the area circumscribed
by the limits of radar coverage into a number of sectors and have
several STC waveforms which could be switched in and out with cam
switches operated by a shaft synchronized with the antenna rotation.
Another way would be to use non-linear pots which would vary the time

constants in the function generators as a function of azimuth. Among

20.
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RANGE IN MICROSECONDS 50 100 200 1,00 800
System

GAIN IN DB 21.8 36.8  49.9 60.0 70.0
1

CHANGE IN GAIN

DB/OCTAVE (REMOTE) 15 1555 LIl 10

GAIN IN DB 2.0 14.2 26,2 38.2 50
2

CHANGE IN GAIN

DB/OCTAVE (LOCAL) 12.2 12 12 11.8

GAIN IN DB 12 26 37 L7 60
3

CHANGE IN GAIN

DB/OCTAVE (REMOTE) 1k 11 10 13

FIGURE 12:

AN/TPS-35 STC DATA

22.




ESD-TDR-64-5(8

+ 300V ~——— MULTIVIBRATOR
4 R4304 + 300V
‘;J.‘-\r v 9 > 2 2 2 ?
T 1
| | c4302 5,
<:’ R430! R4305 . R4307 > R4308 T 147 < R4304
< B2K < 15K 2 15K ?56»166 —_L < 10K
ca301 ( [ = caso3 Rl
| A —~ — CLIPPER -
v430I 1 i o B f’ Aﬁ, - ?— = y
I2AT 7WA | 022 1.0 MEG
‘ 1 ca304 CR430I + 300V
- "—'**‘ I idie IN914 R43i0 ‘ MED T CONST A CATHODE FOLLOWER
> Ra321 O R4322 1.0 MEG [ ™~ e I20USEC—> ;
— 10K 56K 2“324 1 cazi - - ——— l/,’—lzv J + 300V
S0k < BRK 1.0 CLAMP TEST ( a 3 R4345
GATE D, J 27k *
‘ ¥ < R4330 < R433) <l
ADJ \ [ iov R43I 56K < 470K ‘ R43154
j’ 100K 10K
4 600 USEC re- ?
= CR4305 g e —; 43,7 /
R4327 o - R4332 a7 lebounec|
—— "\ -t AN MGCe IV
330 g 464K L
. R435% c4320 \
A 1430298 - ca3i2 R4333 va4303 § 22K 0.47 ;
| LG T CONST s crRa308 | 3000 13K 2AT7WA 1
| s i IN30208 | YUF l = ‘
| CR4303 24V oV | sl i i
' 4 : IN9I4 / . — = |' vaszoaa
| . 2 Ra334 2 R43ST 2> R4344 o RANSE 2 /0 172 5814a
' < 2.2MEG 3130k AN N T '
CR4304 >
va302 YT o IN9I4 it 100K b, STC *4‘:?6%‘.’35%
S687WA 6 2 A 464K S 3 -
R43632 . CR4307
A s r , 2700 IN30208 ca3i3 R433S ( 3900 I L“O‘
0.033 249k 4309
10V HORT T CONST | J
J4a30| ca306 < o i e S o L { CR43)12 R435| 4 caze R4352 .
17 e 2 = = WL ‘——————‘ IN9I4 6.8 T o.01 511K ;
{ ¢ o i 4 ~ — -~ MEG | 2N
TRIGGER INPUT \"’* . - - R4337 R4338 - - CR4315 ca32i
0022 | R4326 é iy peetel ADDER ‘ ‘ IN9I4 100UUF
| 3 5 56K ‘ 24v 2 R4347 — —
S s = R4325% C4310 _L | “_i 68K v43048B = = =
= SRans  Smasis 1 10K 1.0 R4136 CRAR0S = | - | : » | R4350 IEERNINA
470K 10K . - 150V -—15USEC
- AM /%\ A 3 jl
i U R4339 -150V 0K
TRIG 31 o000 R4340 2 Ra3se RA349 . CLIPPER £
J [ =3 e C43I 4 IMEG 100K LEVEL ADJ. CR43I3
i S Ra3ia S Raze S Ra37 i . TR : O Ra3s3 IN30278
2V > 22k 8200 56K 3 \J CR4310 COMPEN ADJ ) 2 90.9K 20V
' ‘f‘ v IN30278 = = ey -150v
§ o . A
NS, [*1000 USEC—# = 600 USEC e CR4314
- 150V B IN30278
" R434] R4343
STC LEVEL SET . AN N I o Y M“‘ .
324K 464K
cazis STt ine
1.0 > R43%6
(REMOTED) I C"‘:'" L cazig > a70
INSI E
— = R4360 Lo
- - 150V 562K cazie
R436| :
MGC CONTROL € AAAS 4 € = FIGURE 13: AN/TPS-35STC UNIT
— 46.4K R4359 i _L
—-——— BLOCKING OSCILLATOR ——8 ™ &

100K 1

23

o wa
3v

STC ouT



ESD-TDR-64-518

the disadvantages of these methods are the expense, the physical size
of multiple equipment, and the large number of adjustments necessary.
This type of system would have no way of adapting itself to compensate
for varying conditions such as atmospheric changes. Also, since these
functions are only an average curve for any one range sweep, they would
not compensate for the varying density of ground clutter. The final
logarithmic STC circuit which evolved from this work is therefore the

most practical.
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o b GHL O N 3

DIGITAL STC DEVELOPMENT AND EVALUATION

A. GENERAL

The analog circuits presented in SECTION 2 do not readily permit
varying the STC waveform as a function of azimuth. The ultimate in STC
circuitry would generate a sweep-by=-sweep bias control voltage as a
function of the returning signals. One way to approach this was to have
the STC voltage be a function of the video from several preceding sweeps.
To accomplish this, a Digital Video Processor available at Fort Dawes
was modified to provide outputs which, through additional circuitry, would
produce this type of STC waveform. This now permitted the STC voltage
to vary as a function of azimuth. That is, the voltage level for each
half mile interval was now dependent on the density of the signals
received in that half mile increment during the previous 16 radar range
sweeps.

This Digital Video Processor accepts radar video and converts all

signals above a predetermined level to standard 6 volt pulses. Sixty-

four miles of this data is resolved into 128 one-half mile increments.
Using a memory unit, the 16 previous bits of information for each of
the 128 one-half mile increments are stored. When the memory is “read"™
the 16 bits of information in each one-half mile increment are "read"”
and summed. The above method is used to continuously scan and sum
information in azimuth. By similar circuitry, 7 one-half mile increments

are scanned in range.
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The result is a continuously scanning sampling cell, 16 triggers
wide in azimuth, and three and one-half miles long in range. A
statistical analysis, based on the density of the information, establishes
whether the signal returns are caused by aircraft, ground clutter, noise,
interference, weather, etc. Those signals identified as targets are the
output of the processor. This processor was developed on Air Force
Contract No. AF 19(60k4)-84T79.

A more complete description of the principles of operation of the
processor and a logic diagram are contained in a report entitled "Solid
State Radar Data Processor - Final Report", by F. A. Epsom of Rescon
Electronics Corporation, Waltham, Massachusetts, October 25, 1961.
Appendix A contains an expanded and more detailed explanation of the
logic and circuitry used in the processor, plus complete schematics.

This Appendix was written by the author so that the reader could have
better understanding of the processor and its subsequent use in the
digital STC circuitry.

DEVELOPMENT

The approach taken was to sum the information outputs of the 12
previous range sweeps, which were stored in the core memory to supply
a basic STC waveform. Thus, the amount of gain reduction is proportional
to the amount of information stored in any one-half mile segment. It
was necessary to generate a positive going STC waveform, since the unit
was to be tested on a radar set whose receiver utilized cathode biasing

in the IF stages. The inverted output of the processor, corrected in
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time to be in coincidence with the radar video, was added to this basic
waveform, thereby increasing the gain within those range segments that
the processor thought contained a target. Since the processor is
accurate to one-quarter mile and the target output is only 1.8
microseconds wide, provisions had to be made to widen the targets to
one-quarter mile (3 microseconds) to insure that the aircraft signal
receives the benefit of the system. In other words, the STC gain
controlling characteristic was directly proportional to the density of
signal returns and inversely proportional to the signals which the
processor has established as targets.

In adapting this processor for use as a source of information to
establish a STC waveform, one had to first take into consideration the
time delays inherent in the unit. Before the quantized video is fed into
the Memory Unit, a half-mile of delay has accummulated. In the automatic
mapping section, another one and one-half mile delay occurs. This means
that if the memory outputs are summed, this summation will be one-=half
mile late. Since the processor output will then be still another one
and one-half miles later, something had to be done to have these two
sources of information coincide in time with the radar information of a
later range sweep.

To achieve this, the quantized video has been fed, on alternate
sweeps, into two series shift registers (of 128 flip-flops each)
clocked with quarter mile pulses. Each register is capable of storing

32 miles of information in quarter mile segments, thereby preserving
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the half mile resolution and quarter mile accuracy of the system.
These registers are then emptied alternately by a series of pulses
initiated by a pretrigger set to compensate for the processor delay.
The same effect can be obtained without a pretrigger by permitting 34
miles of data to be fed into the registers capable of storing only 32
miles of data. As the register fills during one sweep, the first two
miles of information is dumped out the other end. The clock pulses
then stop and the data is stored for the remainder of the range sweep.
When the register is emptied during the next sweep, the information
will be clocked out two miles early. After the delays in the processor,
the output video will be in coincidence with the radar video, but with
an absence of the first two miles of data. If a pretrigger is used,
the shifting will start 24 microseconds early and the first two miles
of data will be preserved. Delaying the twelve memory outputs by one
and one=half miles will then put their summation in coincidence with

the radar.
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C. CIRCUIT DESCRIPTION

118 Within the processor is a series of flip-flops which count down
triggers and provide gates which can be used to alternately turn
on and off the two series shift registers for storing alternate
sweeps of quantized data in quarter mile increments.

Badas —)‘ '(_ 2 milnes (24 microseconds)

Trigger | i | | |

Pre~Radar :

Trigger | | | s |

T, Positive for

O&d trigger [__——_———_1 r——__—_—__1 f__——__

periods

Tq Positive for

even trigger [47 [___—_____—] r—__— |

periods

2.

The quarter mile clock pulses will be initiated by the pre~trigger
to shift the storage registers. They then must be stopped at 3h4
miles (2 miles before data plus 32 miles of data) or the register

will be emptied too soon.

34 Mile
R1-— Gate
Rp—a > 1 =
Gated
R3— 34 Mile Ra), .
R, —» , | Range C
R5 ‘ Gate FF-B 3
MxA
RG —» R3y
R7 —>-| MxA
Pre-Trigger Quarter mile
Clock Pulses ¢
Quarter Mile

Clock pulses
gated on for
34 miles.



BASIC STC WAVEFORM DEVELOPMENT
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| \
; |
| \ \ |
| - |

1
\ \ l
\

|

1 ! :

EA 1 5 A —

T

_____I"'_r-_—_ |

RANGE IN 1/2 MILE INCREMENTS
FlsvRE (4

|
L_—"T____4 8§TC OQUTPUT

30.




ESD-TDR=~64~518

Quarter Mile

Quantized

Video

Video
o) ‘~22 128 series shift
T °)Q | M Aegister for storing
M 3A ! 4 .
video in 1/4 mile
increments on odd
FF-B j;‘ h triggers
) ] Video 1-1/2
) AND All video 1-3/4d |
Circuit mile early Q mile early
;‘ED 6 to
o) OR Cy Im ! Memory Unit
Circuit W T
Pre= EE
rigger
Video
> Mixer
ummation )
Mx C
Fine
C / _’-3 v
L = Range Bit
Fn to
Cu-—am Memory

VidEo K
T]Y) % (Evgn) ¢
w| FF-B -

C3 gated for 34 miles

EDeven triggers

120 series shift
register for stor=-
ing video in 1/k
mile increments on
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SW. PANEL 8-1 (T
FEED TO EXISTING
NRI[s1; BAMIE[ ‘H Re CLOCK DRIVERS
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FIGURE 21: SUBRACK 8 - DIGITAL STC
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R1, R2, R3, etc., are range gates from the processor, the first being
one-half mile long, the second one mile, etc., out to 32 miles in
duration. By proper combination of inputs Rl, Ro, etc., a gate of

34 miles is set up. Since Ra), sets up the length of time C3 (quarter

mile clock pulses) will be allowed to pass, the pre-trigger resets
the R3h flip-flop to permit C3 to start again two miles before the
next radar sweep. The first C3 pulse is one=fourth mile after the
trigger. This means there is one and three-fourths mile delay left
to account for.

The quarter mile quantized video is fed into flip-flops Q3A and Q3B
along with Ty, T1°, and C3. The outputs of Q3A and Q3B are fed into
their respective 128 series shift registers. The two outputs of the
registers are summed so that each radar sweep is again represented
as a single video chain.

The output of the video summation is fed to the flip-flops which
precede the memory unit in the processor. This informstion appears
to the memory just as it did before, only it is now one and one-half
miles early, due to another quarter mile loss in the flip-flop Q-
This is now the length of time lost in the Automatic Mapper, thereby

causing the processed video to start at zero time.
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Memory Output

; . j C3 #1
4, Since there is not a prime output on the
Memory Unit, a flip-flop (delay A 1/2 & *
mile clocked by C3) is used to make Delay A
) 1/2 Mile
sure every pulse is represented. If FF-B

this was not done and Cl (1/2 mile clock

pulses) were used, then every other pulse

would be lost. i A
1-1/2 micro-
second delay

5. Block A® converts the information to 1/2 o AW

mile long pulses. CT (automatic mapper

clocking pulses) is used to pick up a

1-1/2 microsecond delay occurring when

converting to Cp clocking after the

emitter follower in the processor.

6. Delays B and C each delay the information Y

Cp
1/2 mile giving a total delay of slightly Delay C
1/2 Mile
over 1-1/2 miles. FF-A

i1 9. 7 53
7. Twelve of the above set of circuits are used}' 12 l10l8lbl 1‘12

AR RLaal!

Adder and
Emitter Followern

=

one on each of the memory outputs to be fed ‘,

to the adder. The outputs of these twelve

circuits are summed and fed through an emitter

follower to form the basic STC waveform (see

Figure 14, Page 30). Basic STC Waveform output
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FIGURE 22: DIGITAL STC WAVEFORMS
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The targets from the processor are pulses 1.8 microseconds long which
are permitted to appear during the proper one-fourth mile interval.
This process does not indicate the location of the aircraft within the
one-fourth mile increment. The targets, therefore, must be lengthened
to one=fourth mile when used as a bias voltage to ensure an effect on
the aircraft return. Since this system uses trailing edge logic, the
prime side of the processor output can be fed to a flip-flop and
clocked with C3, thereby increasing the targets to one-fourth mile
duration.

The summation of the output of the STC circuit and the lengthened
processor targets is combined with a DC level control. | This level
control is similar to the one used in the previously mentioned

analog circuits. The STC output circuit is shown in Figure L5,

Page 32.

The following circuits shown on Pages 33 - 38 include the individual solid-

state circuits used in the digital STC voltage waveforms generator.

Figure 16 - Flip-flop circuit used. These are packaged 2 or 3
to a card depending on the number of inputs needed.
The function table shows the pin connections for
both types of flip-flop cards.

Figure 17 - This is the standard matrix slicer, two of which are
on each matrix card. A variety of input circuits can
be used with them.

Figure 18 - Shows the input circuits used on the matrix cards

for the STC circuitry.
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Figure 19

Figure 20

Figure 21

This is the adder and emitter follower circuit used
to sum the twelve memory outputs.

The clock driver circuits are used as isolation
amplifiers.

This is the complete logic block diagram for the

circuitry used in conjunction with the processor.
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D. RESULTS AND EVALUATION

The AN/FPS-8 radar, on which this unit was tested, has an I-F
amplifier in the MTI receiver which limits only very strong signals.
The output of the phase detector is then a function of not only the
phase relationship between I-F video and the coho signal, but also
the amplitude of the I-F amplifier output. Since the above is true,

a gain controlling device, such as this digital STC unit should be
able to regulate the video levels.

When the processor had been modified for use as a STC unit,
several tests were conducted to observe: (1) whether the unit
functioned as designed and (2) the effect of this type of gain
controlling device on the I-F amplifier. Upon checking out the digital
STC unit, it was evident that stray pulses were being picked up within
the unit. The new subrack, containing the additional logic circuits,
had all inter=connecting wires cabled together to tie into the
processor. Within this bundle of wires, pulses were picked up between
various leads, thereby causing many undesirable effects in the unit.
This was easily corrected by rearranging the leads.

The unit was designed to utilize a pretrigger; however, one was
not used for testing at the present time. Data for 34 miles was fed
into a register with only a sufficient number of bits to store 32
miles of information in 1/4 mile increments; the first two miles of
data being dumped out and lost. This data could have been preserved
with a pretrigger, but for our purpose, this was not necessary. The

unit provided pulses which coincided with incoming video indicating
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the timing and delay circuitry was functioning properly.

Since the unit was to be used in conjunction with the AN/FPS-8, its
I-F amplifier was removed and connected to the STC unit under simulated
conditions. The effect of pulses from the STC unit on a simulated
target in the I-F strip was observed (see Figure 22, Page 41). While
the STC DC level could be shifted from O to 3 volts, the best operating
condition occurred at 2 volts with a bias controlling waveform set not
to exceed a maximum excursion of # 1 volt. A positive STC pulse
reduced signals from 0.05 volt to 0.005 volt.

Increasing the STC bias voltage to a new maximum resulted in
attenuating the IF signal faster (i.e., in fewer sweeps ). This,
however, does not utilize the number of voltage increments provided
by the unit. This range of STC voltage is, as was expected, the
same as the range of control used previously with the logarithmic
unit. A negative pulse applied to the cathode resulted in signal
amplification from a 0.05 volt level to a 0.2 volt level. Of course,
once the signal was amplified to the point of limiting, further
negative biasing only distorted the signal waveform. During this
time, it was noted that the STC pulses were not distorted, nor do
they appear at the I-F amplifier output.

Since the unit proved to be capable of providing the gain control
in any one-half mile increment under the above conditions, the I-F
amplifier was returned to its location in the radar. With the digital
STC unit located 800 feet from the radar, the time lost in transmitting
the video to the processor and returning the STIC gain control function
back to the radar was easily overcome by advancing the STC output.

This was accomplished by initiating the clock pulse train which controls

L5,
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the series shift storage registers by an equal period earlier in time.

The gate length could only be adjusted in 6 microseconds increments;
hence, the minimum difference in time between a video pulse and its
subsequent counterpart from the STC unit was approximately 2 microseconds.

The STC output circuits shown in Figure 15, Page 32, was located
in the radar tower. This circuit amplified the pulses, permitted
adjustment of the DC level, and provided STC waveforms of either
polarity. This was done so that, in addition to cathode biasing the
MTI I-F amplifier, the unit could be used to control the grid biasing
of the normal receiver if desired.

When the unit was first tested with MTI video feeding the
processor, and the processor in turn controlling the MIT I-F amplifier,
the desired effect was not realized. The STC waveform appeared as a
baseline distortion all through the MTI receiver with some pulses
appearing as an increase in noise and false targets at the output of
canceled video.

Four sweeps were required to identify a target. This resulted
in the loss of some targets, since by then, the STC had reduced them
below the threshold level of the processor. Even excluding the latest
four sweeps of information from the STC summation, thereby letting the
targets be identified before they were attenuated, did not improve the
situation. The idea of increasing the gain during the one~fourth mile
interval containing a target was dropped and only the basic STIC

waveform was used.
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With just the basic STC waveform used, the MII output deteriorated
and additional uncanceled information was still displayed on the P.P.I.
It was first thought that the MTI coherency was upset. Perhaps the
pulses were inducing rapid phase shifts in the I-F amplifier thereby
causing the phase detector to identify false targets. Also, since the
STC pulses could be compared to a square wave, they might have a 30 mc
component which would be amplified through the 30 mc bandpass I-F
amplifier.

A filter was inserted in the STC line to eliminate frequencies
above 10 megacycles. The condition still persisted. Next, the closed
loop was opened and test pulses were fed through the processor and
simulated 30 mc signals were fed through the MII system. No apparent
phase shift; i.e., disturbance of coherency, could be observed.
Whenever the STC pulse was generated from an external source rather
than from MTI video, the gain controlling characteristic behaved in
the desired manner. When the loop was closed, the basic STC function
did surpress clutter, but it did not bring out targets which were
within dense clutter. For the processor to work properly, the MIT
gain had to be set so high that the scope presentation was poor. The
STC unit never returned the presentation to a condition which was
comparable to what was considered previously as good MII.

CONCLUSIONS

Since the digital STC unit was separated from the radar by a

distance of 800 feet, the timing was not exactly right for coincidence.

A less sophisticated unit providing only the SIC waveform, not target
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reinforcement, could prove to be more successful if located in close
proximity to the MTI receiver cabinet. The idea of reinforcing the
targets does not warrant the additional expense and complexity of
circuitry necessary to accomplish this.

A less complicated system could have a smaller memory unit or
vtilize the extra cells to store one-fourth rather than one-half mile
increments. If two registers within the memory unit could be operated
by an independent series of clock pulses, they could be used to replace
the large number of flip-flops presently used to correct the timing.
The auto-map portion and its associated circuitry also would not be
necessary. With the advances in the state of the art, such a unit
could be packaged in a fraction of the space occupied by the present
processor. Further investigation with a unit such as the one described

above could eventually provide an optimum STC function.
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A.

SECTION &4

RECOMMENDATIONS

GENERAL
This report outlines some developmental efforts in the field of

clutter attenuating devices for EMS radars. The work reported herein
has offered an insight into some specialized problems involving STC and
video processing. It has also pointed the way to problem areas where
further development is needed. Therefore, the following specific
recommendations are presented below and discussed briefly.

APPLICATIONS TO PRECISION RADAR, AN/TPN-1l4

It has been noted that excess ground clutter can occur on the

elevation portion of the AN/TPN—lM display, and this may make tracking
difficult on a low glide slope approach (2-degree or less). An
improved STC unit should be investigated as a possible solution to this
problem. Since the AN/TPN-14 does not have MTI, the obvious solution
would be to incorporate MII to eliminate ground clutter. However,
experience has shown that GCA controllers prefer normal video for
display so as not to lose the returns from the runway markers.
Addition of an MTI receiver would necessarily add to the size, weight,
alignment and maintenance considerations which are vitally important

in an EMS radar. It is felt that an improved STC unit, similar to

the logarithmic one discussed in Section 2, could be developed to
effect a satisfactory solution to this problem with no increase in size

or weight. Alignment and maintenance would be comparable to that
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required by the STC unit presently used in the AN/TPN-1k.
C. FUTURE DIGITAL APPLICATIONS

The end result of what this report hoped to accomplish was a more
positive identification of targets (i.e., better isolation from noise,
clutter, etc.) so as to provide a cleaner PPI presentation for an
operator and better video for automatic tracking circuits. The Video
Digital Processor used in this study did a good job identifying targets
by means of a statistical analysis of the video history for the
preceding 16 range sweeps. The use of a linear amplifier in the radar
receiver could further enhance the capability of this unit by
eliminating the saturation effect in the present limiting IF amplifier.
In addition, there is no means provided to remember whether a target
had been identified during the previous azimuth scan so that the
criteria for continued identification might be improved, or targets
which have not moved could be eliminated.

This could easily be done by using a drum memory whose rotation
is synchronized with the radar antenna (see Figure 23, Page 46). With
an antenna rotation of 10 RPM, there would be 6 seconds between
consecutive radar contacts with the aircraft. To have the aircraft
detected by the processor and drum, the aircraft would have to move
1/4 nile in a radial direction in 6 seconds.

.25 nautical mile = 150 knots
6 sec.
Aircraft flying with a radial speed greater than 150 knots could

easily be detected using l/h mile resolution in the system. Commercial
memories are available with core memories which operate in less than 3

microseconds.
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Another way in which a drum memory might be utilized is to have it
retain a DC level in each l/h mile increment as a function of the IF
amplifier output amplitude occurring that instant. During the next
azimuth sweep, the memory would be generated from its output, then the
memory would be updated with the present video. Since a target would
be moving and would not re~occur in the same increment, it would not
tend to attenuate itself.

TRANSISTORIZED IOG STC

The STC unit is a small part of the complete radar set; therefore,
it is not practical to transistorize the STIC unit alone. The present
state of the art, however, does not preclude the development of a
transistorized radar receiver which would also meet the required
environmental specifications. In fact, development work is currently
in process on solid-state radar recievers. For this reason, it was
felt that the possibility of reducing the logarithmic STC unit dicussed
in SECTION 2 to a solid-state module should be investigated. A
considerable reduction in size, weight and power requirements can be
realized by use of the circuit shown in Figure 24. The circuit as
shown was not breadboarded; hence, values are not specified. A small
amount of additional effort would yield a miniaturized STC module

suitable for use with any solid-state radar receiver.
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E.

AN/MPN-11 STC IMPROVEMENTS

As an example of how the logarithmic STC unit can be adapted to
use in other radars, a unit was breadboarded for the AN/MPN-11l. The
AN/MPN-ll radar set is a complete ground controlled approach (GCA)
facility with the capabilities to serve as an air traffic control center.
The entire system is packaged in two trailers and contains three major
sub-systems; a search radar system for locating aircraft within a 4O-mile
radius; a precision radar system for tracking aircraft during the final
approach; and radio communication equipment for ground-to-aircraft
communication.

A logarithmic STC unit was designed to replace the existing circuit
(Figure 25) without having to modify the radar set. A schematic of the
new circuit is shown in Figure 26 and is designed to utilize existing
pin numbers in the same function as they were previously used. Figure
27 shows the existing associated AN/MPN-ll circuitry used in conjunction
with the STC unit.

The AN/MPN-11 STC unit provides grid biasing for both the Normal
and MTI preamps (Figure 28). With the new unit, the DC levels of the
STC waveform can be set independently, the Normal by its existing gain
control, and the MIT by the new potentiometer Pl. Two function generators
are provided which permit the summation of a short and a long R~C time
constant. The selection of C8 and C9 will be determined by the slope of
the waveform necessary to match the characteristic of the preamp so as to
provide the 12 db octave gain characteristic desired. This same circuitry

is duplicated for both the search and precision sections of the radar.
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APPRENDIAR 1

SUPPLEMENTARY REPORT ON THE SOLID
STATE DIGITAL VIDEO PROCESSOR

29-



half mile
ncrepents

For an antenna rotation of 10 RPM and a 600 PRF,
this cell represents a 1.6 degree by 3% mile segment of radar
coverage at any given instant.

Pictorial representation of Sampling Cell

FIGURE 29
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APPHENRBIX I

OBJECT
The object of this Appendix is to serve as a supplement to the Rescon
Video Digital Processor Final Report so that it may be more easily understood
and maintained. Drawings and schematics for the unit were never delivered
because the Rescon Corporation went out of business. A complete set of
schematics for the printed circuit boards can be found at the end of this
Appendix.
GENERAL INFORMATION
This unit was bullt by Rescon and delivered to Fort Dawes on 21 August
1961. It was initially tested by Rescon personnel from September to November
of that year and, during that time, the following problems occurred.
l. Some stray pulses were being picked up through the intere
chassis cabling. This was corrected by regrouping some of
the wires so that those carrying conflicting pulses were not
adjacent to one another.
2. Criteria for establishing a target was changed from 6/16 to
8/16 hits, and for continuance of a target from 4/16 to 6/16
hits. This eliminated some false targets out of the
Processor due to the criteria being set too low. To accomplish
this, the inputs to Al and A2 were changed from D6, D8, and D10
to D6, D8, D10, and D12.
3. If two or more consecutive bits of information entered Q6,
every other one was prevented from passing through. By

feeding the Q5 prime output into the prime "and" input of
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Q6, it then enables the flip-flop to remain in the "1"

position for two consecutive half mile pulses, rather

than resetting to the "O" position.

D4tA, D6A, etc. only permitted every other bit of information

to feed through the first stage flip-flop if two or more

consecutive bits entered the shift register. This was

corrected by adding to the prime input "an" circuit, the

prime output of its respective slicer.

The same problem occurred with D4B, D6B, etc., and was

corrected in the manner described in Paragraph k4.

The automatic clip level control originally had a time

constant of 17 seconds. This meant that, as the machine

sampled the input noise level, it took 17 seconds to

adjust its input voltage sensitivity to an optimum level

for inhibiting the passage of input noise. This optimum

level is predetermined by the operator. The time constant

was changed to 2.5 seconds to allow a more rapid

adjustment. This was accomplished as follows:

a) Change the 200 microfarad capacitor at the input of
Q3 to 50 microfarads.

b) Change the 350 microfarad capacitor at the circuit
output to 50 microfarads.

The adder circuit which feeds slicers B and C are not isolated

from the slicer inputs. This meant that the slicer input

circuit was also providing a DC level to the summation point.

62.



¥OSSTOOMd VIVA ‘YIMOTIOL HALIIWE QNY ¥MEQQY 0 J¥NOIL

LAILNO [, Nl O—

i

Aoz 1F ﬁ_r\,oﬂ Q\\ r0Z

L T- Tew |+
Sl o= G+e

‘ON a¥E)

$Y N NIAID FIY 9¥D TV £
ad¥d §,372/7S & NO LTING SI LINJ¥1D SIH L T
SYOLSISIY Of [ M 2/, M9 AYY 91 NIHL Iy [

A9+

Mz, ME
LY

£85INZ

>6|

A ———e /C
2y -
sy ”

b1 6l

STLTHN
— \MMN——o
21y Lhe
— WA ——0 9/
"y
—— MWW G/
W oy "
rélatu
VNN /g
8y
<‘<<<M>%<r Om.*
5 Ve
P o
—AWWAWA—— o
£ Va
.vIgZ/\/Z/J
zy n
—MWWWWA—eee—0
1y Cu NI

63



#3-L
Ztr

5 3
g-&
/€
g-¢
=z
#Z-1
S-1
¢ -l

YOSSIFo0¥d ==
vetrd L ! | =
A0z | \6“\&“r m
P + L
NVN\:QQ b Jolo ) | mhw ~ va S 4
21 309/ - 2 s&
Tt
AIED ¥ oL SLININE 7 9 -
LLBM 2, FYESIY TH Y M7l W M/
sFLON 9 S V5LINI
e $8EINT 7
£ WM’ .
VL O/
00/
i W Wm $doz
|1
]
g\owm z)
.SQlSnm.\( M7
ost O | /-
&d IILNZ N7
AR
vLIN/ m -
S w@\
7 - (B
t8EINC
22|
o1y W v,/
¥ 230
9+

ON a2AvD

25777 B adI 2]
A0z 419409 M) (102
m.\Luw (] &/
LN/ m.n M| 8/ {
LASLAC Mu\/GM L
K
LNdLOICZ M) )
&= LAIN/ I aMD| 4
N 2Adino ] 01| £ | |
£ {2
LN/ [ MO ]
Nig
'2
2% 3doz &

'”'_§

el

2+ _




Nowwmuawn\
1b(]

i
|

¢

JOLYTI7/2SO Y3072 A3L Q.Q

128 F¥N9/S

k\&kDQ
2aA02 uq;o%ﬁcml_\
Ly A
1

anvnNoN 9 27

>aA Gi- | ol

30AD- | I

20 A 9+

VYT

LNd LN O

ol
5
Z
/

LN LNO

\<0\k.v\\3k N/

2794 NOILIN o

‘oN qYD |

S/-5/01 9N ©3NpA < INOHI 4G 1§

SNOILIFNNOD NIg 07 F19HL 3G %
OZ/2/ 2208 FISIMYFHLO SSIINNA O&\m;lf
1LEME “SWHO I/ NFAID FXE SIOLSISTY ¢

V(L I 728 01 Ty 2 s
GFI41D30S FSIMITHLO SSIING QS\\S SANMY[ 33V LB 1T .
$570 9- $d02 €2
\/\ xel _IL_IJ
63
Iﬂl A2 h2<<<L.|o I
o+ TR Mol 8y 449
028 £ 1OSNE
/I\
H8EIN
LOd .\)\\&klﬁ/)\/\/\/\r» L %
» 5o5 LY W
095 X2
QM&N W 2y - ﬁ
|
170 £5 9 d\f
1052 /
105NT 105N e 1osne
= y s 124
it 17 7
i ) $og-8"
Z¥D iy v\\mm W ._
_G/-¥ 9—

g



YO553003
HL6(]

bzl 0y 379913 | 1 €€ FHID/S

/-t

annoy g9l 22 :
>0 A<~ 2l oW 7L Ly AH §'2ES) IBK 1N YT /4 B
2AND=| 1l QLI XIZLUW & NO QILINILSNOD LIA2AID SIHL ‘g
20 A 94 0! SNOILIFNVIVOD VId 2OF F1gHL T3S 7
annos9 | 9 .nﬂl + Wl ats T Y
Lrdn | ¢ ‘ UQ>>>QI._! 20 ZQN/_\ NBO\/\
INd LNO \Q\th..b.w\ﬂ W + %
4091009350 | & L7+
NOILINAY | Mg D+ YIHIOLSNYAL FST1NY
318H] NOILINN ] é (o) . 89-H
. 24N
v 53y 031709LNS) @ LOAN/
D+ $0/- 401D
25
/ 53 4 i, | (@) 905
$O/1/v0 L2373 ras oL
|| /L 11D
NOISID3Yd Aos ||
LNO "91Y D3y ©, = 7= 73 Z
X000 YT §L o4 u
WAL I S
c-L /
YLON/
182
AG/—

‘on/ a3

66



X0SSF0 &Q

CyFxip  OFaIp

e &IOS/ S

£2-/

=

pogen
@%&T

L

w
2

; W_

Bcd

%&%Q annoy9 | 727
] _ 4NO 032I\GIXIY/ T 9/ M
SWVOILITINV DD /Vid KO TTF6L VOILIN7S FIS ¢ w030\ a3553504 | G
THE) XIXLES E VO LUAET S/ L DID SIH/ .% Asi-| 27
‘SVEHSL LNSLNO \\\to..mN -/;/ 1[ IFHIOSSNEY | 'S AD_ 77
QM._\ *\»\)Q dEHI 1Y 02 A9+ ol
A : )
E SHHO /NV/ R.W\m).h. k%\vule SYOLSISTY .SQ\ \ LD 37 tWﬁSm.\ g
g 331 0\/\ W1 T8 HE0)) iy /
e NOILINA A Nl
w 03aIA @) = A%t 2784 NOILIN N
075532034 )
! m N
VLIN!
lILNE N/ FLED
VL ONI
X0/
M2
s <<<<<r|®
Q\ g/ - el
ABEINT HeNve 29 N/ 031/,
WHION, I
ﬂ NAAAAMA AN
% 329 MZ9
Mol
. Al
ag!

oN QIVO

67



Y0557)05d s
L —
d um\él 2dA om«ﬁ un\éw_
¢ s ; e
W\ REV A llb oLl LT LT~ (b T+
. £ v 24
188 F¥9/<4 6 $ e@ &
Q8O 33d LINJ2A1D | ‘9 4
), 8 X0 $Ye, T2 FNIIIS - I 4 wosg '§ annod9 | 42
78/ X990 5, LEN TL FNPEIIS- o8I 4§ o0z % Znant | 97 |
SHNVOLLOZNNVOD N/d 20+ TTIHL Yo/LIVAA TS °§ 2aA§/-| 2/
T/2/2345 ASIMITHLO SSTINA 4 W d> MY g 20 A9 - | (I
SLHO N/ N.m. LLEMN N\\ FJXE SyoLs/SIY 1Y ¢/ 20 A+ 0/
kao\< LdNd LNO s
. WOILNY o Vg
EREET NOLINN -
Q
. O

‘ 11

A9+

00/

4+705¢

1NdLNO

48EINT

XS

X281

o Ay

*:«\QN
Hwe {F—
>>>>I+‘|.~Abm>\\
AN

We

Ml




¥0S53202,
3744

G 13437 17D an | GIHAIOTSS ASIMIALLO SSIINN 4 7N dHI 1Y %
98 ZF&o/ s SWYO/LOZN YOO NId YO F196L vO/LIVIS FIG °C
annodg9| zz V(9 N/ s3d01d 1Ty °F
e an %G +L8M 2z sa0L51S3I N1y o
Lndyl sEIg | S mmLB\/\
AS/-1 21
>®' \\ = = = \,M\l \/Gl
A9+ | 0l $20 a
ME
ind1no | 4| spP | M= JIUNZ Ié<d<M<rJ BIEEE . R-P)
NOILINA A 14 _ _ \y\ +® NS
FaE] NOULINDH = [+ S, [
phy. ey Stk
. It
= A5 - LN0d LNO
LAY S N0z WSW.\WA NS
A%+ ASI- A~ A+
AC) —
¢ ]
ﬁ T
| 0l %
;wﬁvﬁ _. m
L
. Wp_\“‘. —_
+L b LOd V!
pOEINZ %022
Hel
K98 Mozl
>QN R;o x;qw\
L-1 = h w | !
w +-
+# -/ + 7+

‘o axyo |

69




JO553203,

v\t\Q uq\,ow uo\,QN Q>0w_
. PR 4 *Aw sy
D 73137 @17y oLny >\Q- @ M

LS FSHND/S

g/0/9 M§& 205-/-7002 LY SNINOG] - Lo S 5l
SHNOILIOTHNVOD WNid JOF FTGH L NOMLINVAS 3T ,W. \.v
Q&2 dId SLINDIID OmL Y IZIH] ¢

avNoAe)

L7 Z 4 Y (c

LYoy L5231 T N D

LoV LCd
ILEDI TS Nuv\.v o/

223/ 30/S 93 2, Y )

J2L3p 3015594 7 H)| S/

SaArs/-1 21|

5049 -

2019+ 2

w @\ Nx QO: Q\n\ D0//- WA _L 3IN2d3dS - 460 4 S\OQON 4 Y313/ 391559 [ 4) 8
SHWHO N/ & .lﬂ, M W\\ FSg SYOLSISIA 44V\ \ QMLN\«\NQ\W.QW\\ \:\,\w @
AN N
At APIAT  ag_ Lwtog 4834 [ Ml C |
Lnapt [ o M) /e
XFLF 40 NFLIF 3O Wﬁ = NONL2NS g
Fais .moQO 1soaN S o - F1GH ] NOI LIND 4
A9
A __| $v000z
& = :
V4 ON 00/ 4 3_\ ”\\bw .\T\m\sm A
LNd V! LOd | 485IN 0 N o g8eINg i
TLHIDITHD * D mﬁ, o
NE B ﬁ LNdN/
wor O Ly M5
i LNV/OS LSF L SIS 153
Ml
AL/~ —— AS/- A+

4.o\< ays) |




20553702
LLe(]

¢

y ove 'y 435178

188 Fyno/S

SO K NMCZ.W VO LT1INE 32 SLINDIT l.bOmw N
2y 40 SINHA 207 71864 338 9
SNOILOZNVOD IVId JOF T7194L FIS '§
V(D Fav s3goia iy .}.

LNZ FZE SAOLSISNEIL VY 'S

QA0 AT S410231D ¢ IAE IFIIHY T

% G 4LBM gy, IX & SIOLSISIY 1Y

. MWFO\M\

{
| e
Xlb | M6 | Yt | Y6 | M2 | 22 ] _
O 177,
c 7 h oc 9 & e, éml_h. IF Aog /_\. A0
37 G 4 8/ G A o Lb -4t — LY
L1 8 / Z7 2 ]| 409 #2 — €2 e
.0 NNV\M | o HD M.ﬁV\.U Zu> | 1 a>D worLonn S/- e G+Q\
qya) St 232178 TP ‘' ¥3FI178 A
O
LNdLNO :0_. ey N
1 ey
A%
£ ! &
ot \wm % W) J
ot ! O 5 © : — WA o
o/ o _ Y 'y LNd v/
2ty M1 Mz v b 7SS
539 Ly 23 /S S %N% by :
#-L
'y A9 AG/- A9+ AN)—  AG/- A+

‘o aX4)




XOSFII0AS
Lo (]

9 ovtr g ¥327178
P68 ZMo/4

SNOIL2INVIYO) N/d FOF SI1THL 733G 9

Q.wm*.\MwN\ﬂ&\qm, NO LUNG ﬁwmﬂmhn\lh SHL /7 Qm\k\bmn*m
FdAL IHL O SLINIAII 2 3NeH SQ2HD T G

$ N DQAM Y| 3V GEI T

@I=123dS F5IMIIHLO SSITNN %25 M g/ F¥E SIoLsisIy "y ‘g
V49N 3x& s3Qoia iy g

/NG X SJoLSISNGYL 1T

s/ 6 4nd1no O

W\ / kbqkoo.. \

</ 8 ndHLZ SLNd v/

Q Y MQ\/L:.FK,M
Cutdt) | [ udd)

ay&) D ¥321718

; wmh0\< = F3 <ng 400 (7
- Y o |
+10dLno O JWI = /2 naHL Gl | @ NAHL Z | SLNdN/
=
v 0 A/ IA )
N g2 AT F LA PR,
% 2 agE) o 3115
e \ . ~ WM —
b S Ay TN
LndLno y _
o v ML _ m
/WA
29 xZil JIs 1Y M1 >QN'H+ H%.omlﬁ' AOZ
W L P LY
SiZh 9% Ot
& 5 . @@ 00
L0dLn0 | O, Iwu ‘\\\j/ Il.mll .
(o ARK,
L %F\.\.. AN NNAAA—O
42 g2 A5 %12
IL{I/E///.}MV;IO
z Il ; %l XD
£2-L © *Jtm\ON @g MWAAMA— N0
7 104170 ] >/ %1 %%
nts . AN VA—0
ad L AMAAAM AT %159
G-( 23D ’ Xl Xl's (I M1 ‘ :
g | AB'L SLncire/
AD- As/- AD+ A9~  AG/~ D+ L AAAMAAAA—

SdA/ Zop TNE)

Z1AD

.72



Y0S53003,
Hib(

VLY O/LEWIHIS | LNI NI X(ALbYL) NO NIOH S

Qave 'y 7°90 g ¥ Xty se

78 Y04 JIVNNG XIyLb)y

SUSET XIXLEL] | q1410S619 S_LINIHID 2OV 4O SWOILE NIS IO

SNOIAEAN HALIM QD 3T SLIN2I1D omy #

-k
-9
/-9 d

|8/-L
A,

¢e
,L-C
-2
9/-1 &

FAl SLINDYID LNdN T

/T 1ndin0,Q,
QF L 4rena [

0 . |

SHid LOSLOC |

8/
6/ |
[ &0

H |

10t FY¥179/4 MZ P = 403313 ¥ofavy 204534 avoy °g
} NI NINID 33V GBD 176 G2/41234S SSIINg
SHHO NI WMOH S N\ﬂ M g/, 3dH SAOLSISTY 1Ty ¥
— SFLON
A0Z |_7.T IMVR,QN /_\l AO2C
Lh Lt L't
*U 25 I.mU + 2D
/-1 91 9+
g/ \ 7/ o/
*OGE00 .0,
= LN M1z [N
/
1ene £32 * S _ 3
g £$o
ey 71 = i
ol — M/ A2l &.QQN \W\b £y
VLON/ Ly 2y 2 VLINI
24D
P g, 9+ ¥= L

4

EPY:

‘ON T

xm...? .
Em i
M1 ,<

vV'WWWA—o
TN LNN/ |

A0Z
-

AQ+




Y0553005

.-

-7 9
$2-2 4
b1-2
8I-2

81-1
2i-1 3

4

-2 4

8l-L
/-4 D

¢¢-2
(-2
2-¢
2-1 8

-2V

T
2744 FYI N I 4
£ 3439979 xre2& e X
3930 0aV R — _
JOd w.th.vw\.w LNdN T M : M
v P ~—
1t NS/ - »
' . o
= AL _ “M £ s
g
cLd " O/LEVIHIS , IINS ~ N/ \va}m“\r ’ —+ /=g Mo
XI2ALEYS VO NOIOHS TAH i
SLINDX1D JFANTS Xi2Lty) i > Ll
aqs D N Nuxw —> 2
o 2% T
HOVF NO SYFOITS XIN L& AD= M 52D > ¢/ ~{
OML 3/t QI3 ONE AIEI A ..Iluv*lw.\ W
FdAL TGS FHL VO LTING 579 > oy "
HOVZ 396 SLINJ) | FSIH[ ° . :
N\ M. 2Ndn/ 3“ ¥N Q W :
Y.oN/ SV S3TOIC T 7 WS oL < it
L1bm 2/, 32y 'SY MY \MWM\ | = v |
Bz = oL
WN.NQ\/\ N I - 2N
LOan/ hl.AI\Q
X N 2
A4 N 3 3
NZ'9 M X X
S
Lna Ml _ " e w P VA,
2220 OL N~ sl . N UVu
N4 Q- Gu
2 = B Z
29 ¢ g i By T
e oy < N2 OL ¢ ;
/o33 OL A Iz "4 . L /= N
FJIAL 30N QUL S




ESD~TDR-64-518

This same problem was eliminated at the summation of the
memory outputs with an emitter follower. Emitter followers
were installed on all slicer B and C cards.

The following problems which occurred have not yet had satisfactory

explanations and/or have not been corrected.

l. There are no fine range targets at the output when the test
pattern is applied and the unit is in the high resolution
mode.

2. The Processor is designed to compensate for two miles of
delay but it appears that the unit has almost three miles
of delay. The Rescon personnel felt this extra delay was
due to an accumulation of many small delays. This could
easily be compensated for by the addition of two flip-flop
circuits clocked with the appropriate pulses.

3. A clip lead from 1-8-14 to 1=14-7 was left in the equipment.
This is the output of Q2 prime side fed to the prime side
"and"™ input of Q4. Rescon felt this had to be done to
permit proper action in Q4 when the test pattern was
applied.

None of these problems affected the study undertaken in this report, and

so0 were not investigated.

The machine contains a total of 168 cards as follows:

5.
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CARD NAME QUANTITY CARD NAME QUANTITY
1. ACL-A 2 12. Matrix B L
2. ACL-B 2 13. Matrix C 2
3. ACL-C 1 14. Matrix D 3
L. FFB 101 15. Matrix E L
5. FFA 27 16. Matrix F 1
6. Slicer Al 1 17. Matrix G 1
T- Slicer A2 1 18. Video Mixer 1
8. Slicer B ¢ 19. Trigger Amp 1
Q. Blicer C 5 20. Adder i &
10. Clock Driver a5 21. Clock Oscillator L
11. Matrix A 3

It should be noted that some of the circuits occurring only once in the
machine are built on one of the more frequently used cards. When this was
.done, some modifications on the card had been performed. This can most
easily be detected by looking at the modified cards listed below:

1. The Trigger Amplifier (4-1) is built on a standard matrix card.

2. The ACL-C (1-1) has been modified with the addition of two 5K

trimmer potentiometers.

3. The Video Mixer (1—23) is built on a standard Matrix card.

4. The Adder and Emitter Follower (7-3) are built on a slicer

B card.

5. Slicers Al, A2, B, and C had to have additional leads brought

out to pins so as to supply the prime output to their respective
serial shift registers. The reason for this was described on

Page TS5, Paragraphs 4 and 5.
76
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For the convenience of wiring, all cards use the same pins for power

supply voltages.

+6 volts Pin 10
-6 volts Pin 11
-15 volts Pin 12
Ground Pin 22

The power supply is regulated D.C. supply furnished by Dynamic Controls
Corporation of Cambridge, Massachusetts. Voltage supplied by it are +6
volts at 5 amps, ~6 volts at 5 amps, and =15 volts at 10 amps.

The magnetic core memory utilized in the data processing equipment was
supplied by General Ceramics, Division of Indiana General Corporation. The
unit is a Buffer Memory Model 128K32CF, capable of storing 32 bits of
information in each of 128 registers. Their plant is located in Keasbey s
New Jersey.

EXPANDED THEORY OF OPERATION

The following is an expanded theory of operation for Paragraphs 3.3 and

3.4 in the Rescon Final Report on the Video Digital Processor.

3.3 ©Sliding Window Detector and Video Integrator: The data from

either the high resolution registers or from Q6 and FN is
applied to the input of Memory Bit #l. This dats is stored
in the appropriate memory range register for the remainder
of that radar trigger interval. The information in each of
the 128 registers represents one range interval. The
information in each range interval for the previous 16

range sweeps is sampled at the memory output by a resistive

7.
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adder and six target detection slicers. Information as to
whether there are four, six, eight, ten, twelve, or fourteen
hits out of any sixteen consecutive triggers during any range
interval is then available at the output of the appropriate
slicer. This integrated and detected information, representing
a sampling of data with respect to azimuth density, is now
applied to the automatic mapper and output section.

3.4 Automatic Mapper: The actual details of automatic mapping can

be supplemented by the use of logic equations. After the
information is sampled by the slicers it is shifted into the
appropriate D channel register which stores it for a given
number of consecutive range intervals. The D4, D6, and D8
registers are sampled by resistive adders coupled to target
detection slicers AMD4, AMD6, and AMD8 which detect 3 hits out
of 7 consecutive range intervals. This enables range density
information to be sampled along with the azimuth density sampled
in the previous slicers. See Figure 29, Page 60. These slicers
feed three stage shift registers D4B, D6B, and D8B which store
range sampling information for application to matrices G4, G6
and G8.
Using Matrix logic equations:
1. (D4B1 + D4B2 + D4B3) = Gk
This equation states that if the automatic map criteria was met for any
of the three previous consecutive groups of seven range increments, a
pulse from D4B1l, D4B2, or D4B3 will be fed to c?lf' and to the input of

memory bit 17.
78.
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2.

(ML7 + Gb) = Gb'

When an output from G4 or data from a previous radar trigger period is

fed into G4*, the output will be a -6 volt pulse. This will prevent

an output from Al which, in effect, cancels that particular target.

Gl (B'D6 + B D4) = Al

a) For 6K3 at ground (from equation 2) and B! at ground due to no
target in that range interval during the previous radar trigger
period, D6 criteria will then establish the presence of a target.
This will permit a target out of Al.

b) For éﬁj at ground (from equation 2) and B at ground indicating
a target in that range interval during the previous radar trigger
period, D4 criteria will be sufficient for the continuing presence

of a target. This also will permit a target out of Al.

The above explanations likewise apply to the following equations

leading to a target out of A2 or A3.

—~

M18 + (D6B1 + D6B2 + D6B3) = G6!

P

M19 + (D8B1 + D8B2 + D8B3) = G8!
and

/\/
G6' (B'D10 + BD8) = A2

X

G8' (B'D14+ + BD12) = A3

=X

(A1 + A2 + A3)=

An output from any one of the three (Al, A2 or A3) will establish an

~
output from A. This is fed to the input of memory bit 20 so the unit

will be aware that a target occurred during the previous sweep within

—~ —~
the range interval. The output from A is also applied to D along with

80.
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fine range information so that a target will be placed in the proper

half of the corresponding range interval. This is shown in equation
5.
i i | S il —rt
(RN2 A FR' + A FR RN1) = d
—~
Since d is now the processed data ready for application to the PPI,
it remains only to mix this data with the raw video occurring beyond

the data processor range. This is accomplished in the video mixer

-
clreuit dt.

81.
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APPENDIX II

The following is a list of the changes which were made to the processor

in order to incorporate the additional circuitry necessary to produce the

digital STC waveform. To return the processor to its original conditions,

reverse the procedure. The numbers used represent Pin locations as shown

below.

2 15 6
Rack Card Pin Iocation
Iocation Iocation on card,
Numbered Within numbered
from top Rack from top
Numbered
from left

Rack number 8 is the added STC circuitry.

1.

Original lead to 1-19-k4, 5 lifted, yellow wire from 8-1-20 connected
to lifted lead.

Original lead to 1-15-T7 lifted and taped, pin 1-15-7 now fed by
brown wire from 8-2-18.

Original lead to 1-15-2 lifted and connected to lead lifted from
1-12-19. ‘

Pin 1-15-2 now fed by green wire from 8-2-19.

Original lead to 1-14-2 lifted and taped.

Pin 1-14-2 now fed by white/purple wire from 1-12-19.

83.



ESD-TDR-64-518

7. Blue wire from 8-23-18 connected to 2-8-18.

8. White wire from 8-23-21 connected to 2-24-18.

9. Violet wire from 8-23-1 connected to T-24-3.

10. Original lead to 6-23-17 lifted and taped.

11. Brown/white wire from 8-2-2 connected to 6-23-17.
12. Original lead to 4-23-17 lifted and taped.

13. Yellow wire from 8-2-1 connected to 4-23-17.

14. Brown wire from 8-22-18 connected to 1-2-1T.

15. Original lead to 2-8-5 lifted, lifted lead reconnected to 2-8-16.
16. Original lead to 1-18-1, 2 lifted and taped.

17. New lead installed from 2-8-5 to 1-18-1, 2.

18. Original lead to 1-13-17 lifted and taped.

19. New lead installed from 1-13-17 to 2-13-8.

20. New lead installed from 1-13-4 to 2-13-1.

8k .
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